
United States Patent 6,143,222 
Gurol November 7,200O 

Agglomerating and drying apparatus 

Abstract 
Apparatus for agglomerating and d rticulate material,‘ including an agglomerator 
(4) for forming and disdharging we s of a pr~~t~rrni~~ sire or smaller, and a 
dryer (12). The aggfomerator utilizes a rotary blade assembiy (100) that repeatedly 
impacts and cuts the wet mixture of material to be agglom~fa~d, which is forced 
radially outward through the blade assembly under centrifugal and air pressure force. 
Wet granules pass through an annular screen (104) where they reach a predetermined 
maximum size. The dryer has an inlet (50) for wet granules from the agglomerator, an 
outlet (78) for granules having passed through the dryer, and one or more baffles (64) 
within the dryer defining a spiral path through which the granules pass from the dryer 
inlet towards the dryer outlet. The baffles are configure their pitch increases 
with distance from the dryer in& whereby the cross-sectional area of the spiral path 
increases toward the dryer outlet. 
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Claims 

The embodiments of the invention in which an exclusive property or privilege is claimed 
are defined as follows: 

1. An apparatus for drying pa~uiate material, the apparatus ~rnp~~ing: 

(a) a drying chamber having an inlet for particulate materia 
stream, and an outlet for the stipulate material having pa 
chamber; and 

n a fluidized 
h the drying 

(b) a baffle fixed within the drying chamber defining a spiral flow path for the fluidized 
stream of particulate material from the inlet towards the outlet, the spiral flow path 
having a cross-sectional area i~~r~sin~ in size with distance from the inlet. 

2. The apparatus of claim 1, wherein the baffle extends in a. ~on~~uous spiral from the 
drying chamber inlet towards the or.&& the pitch of the spiral in~~~ng with distance 
from the inlet. 

3. The apparatus of claim 1, further ~~mprising a vacuum pump in fluid flow 
communication with the outlet of the drying chamber to create a pressure differential 
across the spiral flow path, the press at the drying chamber inlet lng greater than 
the pressure at the drying chamber 

4. The apparatus of claim 1, further comprising a blower in fluid flow ~mmuni~tion 
with the inlet of the drying chamber to increase the pressure of the fluidized stream at 
the inlet relative to the pressure of the outlet. 

5. The apparatus of claim 1, further comprising a heater thro h whi~b the fluidized 
stream flows. 



6. The apparatus of claim 5, wherein the heater is dispo to Rest the fluid stream as it 
enters the dryer chamber inlet. 

7. The apparatus of claim 5, further comprising a controller for the heater1 whereby the 
amount of heat supplied to the uidized stream by the heater is adju~@d based on a 
moisture content of partkuiate material leaving the dryer outset. 

8. The apparatus of claim 1, wherein the fluidized stream comprises the particulate 
material and a carrier gas, and e drying chamber has a s outlet separate from the 
drying chamber outlet for the ~~ic~~~t~ material, for exhausting the carrier gas from 
the drying chamber once it has passed through the spit-at flow path. 

9. The apparatus of claim 8, comprisi a carrier gas exhaust conduit extending from 
within the drying chambar from the vicinity of the drying c~arn~r outlet to the gas 
outlet, the exhaust conduit extending through the center of the spiral flow path, 
concentrically therewith. 

10. The apparatus of claim 9, wherein the drying chamber com~ri~s -a cylindrical outer 
shell and a coaxial cylindrical inner shell, the inner shell formi the gas exhaust 
conduit, the baffie being disposed coaxially within an annular space defined between the 
inner and outer shells. 

11. The apparatus of claim 9, comprjs~ng a filter separating the drying chamber outlet 
from the gas outlet, the~filter presenting a barrier to the deflate material. 

12. The apparatus of claim 1, vhereln the spiral flow ~~,de~n 
terminates at an outlet end sho of the drying chamber outlet, the drip chamber 
having a conical portionataperin from the outlet end of the spiral path to the drying 
chamber outlet to direct the deflate material from the spiral path the outlet. 

13. The apparatus of claim I, wherein the ratio of the length of the d 
measured along a central axis of the spiral path, to the team of the spiral path is no 
greater than k10. 

14. The apparatus of claim 1, wherein the particulate matter comprise agglomerated 
powders, further comprising an agglomerator connected in fluid flow communj~tion 
with the inlet of the drying chamber. 

15. An apparatus for drying wet granules formed of powder an 
carrier stream, the apparatus c~p~sin 

(a) an enclosed elongate duct, e duct having an inlet and outlet a defining a cross-= 
sectional area that increases in size with distance from the inlet to the outlet; and 

(b) a heater in fluid flow communication with the duct to dry liquid burn the wet 
granules. 



16. The apparatus of claim 15, whereby the elongate duct is formed te define a spiral 
flow path. 

17. A agglomeration sy?em for forming granules from powder, com~is~ng: 

(a) an agglomerator for forming wet ranules from a mi~re of er and liquid; 

(b) a carrier gas source, coupled to the agglomerator for sus~e~i~g e wet granules in 
a fluidized stream; and 

(c) a dryer having an ink& for receivin the fluidized stream and an outlet for 
discharging dry granules, and defining an elongate duct extending from the inlet to the 
outlet, the elongate duct defining a cross-sectional area that increases in size in 
proportion to a distance from me inlet. 

18. An apparatus for drying granular material, the apparatus corn~r~s~~g~ 

an elongate drying tower having an outer wall having a top po~on and a bottom 
portion; 

a material inlet in the top portion of th drying tower for a fluidi 
including the granules and a carrier gas; 

ream of granules 

the bottom portion of the dryi tower defining a coflectlon chamber for the granules 
and having an outlet for discharging the granules from the c~lii 

a central, tubular gas exhaust duct extending within the drying tower -to convey the 
carrier gas from the collection chamber to a gas exhaust in the top rt!on of the drying 
tower; 

a pump coupled to one of the inlet or outlet for inducing a di~~ren~a~ pressure 
therebetween; and 

a continuous guide strip extending in a spiral beWeen the drying tower outer wall and 
the central exhaust duct along length of the top portion of the dam tower, to define 
a spiral path for conveying the uidized stream of granules from the material inlet to the 
collection chamber, the pitch of the spiral increasing from the mat~tia~ inlet to an outlet 
of the spiral path from which the granules are discharged into the col~~on chamber. 

19. A method of drying agglomerate powder and liquid comprising 
particulate material in a,fluidized stream in a flow direction troth an enclosed path 
towards an outlet end of the path, the path increasing in crop-se~io~al area in the flow 
direction. 

20. The method of claim 19, wherein enclosed path k a spiral p 

21. An agglomerator apparatus comprising: 



a rotary blade assembly the ry blade assembly including a ~tu~ati ades 
arranged in a circumferentia around a ceMral hub, the blades le about the 
hub in a rotary plane, each blade having a radially outer end riian with a cutting edge 
facing the direction of rotation; 

a mesh screen circumfkentiatly surrounding the rotary blade assembly, the mesh screen 
having a mesh size selected to allow particles of a pr~~ermin~d size or smaller to pass 
from the rotary blade a’ssembly through the mesh screen; and 

a manifold surrounding,the mesh screen for collecting particles which have passed from 
the rotary blade assembly through the mesh screen, the manifold di ing the particles 
to a material outlet from the agg~omer~~r. 

22. The agglomerator apparatus of 21, wherein the radia!Jy ou 
adjacent blades in the dircumfere ion are angled retative 
opposite directions about res ial axes, whereby the cut% 
blades are disposed respectiveity above and below the rotary plane. 

23. The agglomerator apparat& of claim 22, comprising a series of cj~~rnferen~a~ blade 
arrays arranged one above the other and rotatable, in ctive paratlet rotary planes 
about a central, common axis rotation perpendicular to the rotary planes, the mesh 
screen circumferentiallyi surrounding the series of blade arrays, 

24. The agglomerator of claim 21, wherein the manifold defines a volute form expanding 
in cross-sectional area ~wards,~e material outlet. 

25. The agglomerator apparatus of claim 21, wherein the m~njfot$ defines an outlet end 
adjacent the material owttet and an inlet end, the inlet end having a g#s inlet for the 
introduction of a gas flow which flows *rough the manifold to the mater~at outlet to 
carry particles that have passed through the mesh screen towards the material outlet. 

26. The agglomerator apparatus of claim 25, f&ther composing a heater to heat the gas 
flow introduced into the manifold through the gas inlet. 

27. The agglomerator apparatus of ciaim 21, further c~rn~js~n~~ 

a compressed gas jet disposed adjacent the mesh screen radially ouWardly therefrom 
and arranged to direct a jet of mpressed gas at the mesh screen, mesh screen 
being mounted for rotation; an 

a rotary drive for the mesh screen to rotate the mesh scre 
blade assembly, whereby the circumfertznce of the screen 
the jet of compressed gas. 

28. The agglomerator of claim 27, wherein the mesh screen Votary drive rotates the 
screen in the same direeion as the tion of the rotary bla 

29. An agglomerator apparatus ‘comp~~ng : 



a rotary blade assembly including a pl~rali~ of blades ro~~ble in a rotary plane about a 
central axis, the blades conflgwred to urge material lagged into the rotary blade 
assembly during operation to folfow a generally sinusoidal path relative to the plane of 
rotation; and 

a circumferential barrier around the rotary blade assembly con~g~ 
passage of particles larger than a predetermined desired size. 

30. A method of preparing granules, method composing, in ~qu~nce, the steps of: 

mixing particulate material and a liqu to form a mixtu 

feeding the mixture into the center of a rotary blade assembly; 

inducing the wet mixture to flow radiaily outward trough the rotary lade assembly, 
whereby the rotary blades cut the mixture into granules; and 

screening the cut granules through an annular screen c~xi~iy surr~un~ng the rotary 
blade assembly. 

Description 

FIELD OF THE INVENTION 

The present invention relates to agglomerating apparatus, drying apparatus, and 
systems including both a~lom~rating and drying apparatus. The invention also relates 
to methods for agglomerating and drying particulate materials. 

BACKGROUND OF THE INVEN~ON 

Granules are wideiy used in fo pharmaceutical, agricu~~rai, paint and chemical 
industries. Practically every tablet we take is granula~~ before it is made into a tablet. 
Household cleaning substances, fertilizers, animal feed, sugar, salt and just about every 
dry item that contains multiple lngr~len~ is used in granwie form. 

There are dozens of reasons why granules are used and needed. 
of the main ones: 

llowing are four 

1. In multi-ingredient tablet ma~u~~urlng it is important at each tablet contains the 
same ratio of ingredients as the overal? batch, otherwise the e twss of every 
tablet will be different. The onfy way to avoid this probiem is to convert complex powder 
and liquid formulas into uniform granules that contain correct ratio of ingredients, 
then press the tablets from these granules. There are criteria in man~~ring a 



high quality tablet. One is co 
to bind and form a tab!@. Th 
to have the same ratio of ing 

which is the ability to compress the granule 
rion is content uniformly which is the ability 

stributed ~ro~ho~t the entire tablet. 

2. Granules flow very e&ily due to their uniform size and moi~~re level. Fine powders 
clog, pack or clump, and do not flow well. Process machines do not well with 
powders. A solution to this problem is to convert complex powder a uid formulas to 
granules. 

3. Fine powders do not mix into liquids easily. Experience shows that fine particles are 
more difficult to mix, they clump up and float in or on top of the tiqui f One solution to 
this problem is to convert powders into granules. 

4. When multiple component mixtures are transported, due to de~si~ differences in 
each ingredient, heavier ones will migrate toward the scorn and lighter ones wilt come 
to the surface. To prevent this from happening, mixtures are first converted to granules. 

Granules can be formed in two ways; they can be ground from a larger solid mass and 
then sifted to obtain the proper granule size (size r~~~n~. 
Granulation. The second method is to mix the various powdery 
and a binder to form larger particles (size increase). This proces 
Agglomeration. 

The Tamer.TM. Agglomeration System uses a damp ag~orn~r~~on approach starting 
with mixing the powderand liquids. This is done in a separate P~~-~o~t~ll~ mixer with 
a unique mixing and cutting blade system, The mixed formula then goes through the 
size reduction process with a wand of cutting heads. As formed granules 
exit this stage they are trans ough an intermediate heater i a vacuum dryer. 
The granules are then depos finished goods bin trough a que vacuum 
valve depositor. 

The system is very energy efficient and extremely compact. Two 500 lb. machines can 
be placed in a lO.times.;lO footroom with an eight foot ceiling. The omly connections 
required are a moisture ,exhaust an 
product is in the machine at any tim 
since the machine handles the 
from the Tamer Agglomeration 
System lowers costs sighi~~n~ in i 
liabor versus all other comparable systems currently available on the market. The Tamer 
Agglomeration System Can produce complex powder and liquid formulas in small and 
large batches. We are not awa of any other agglomera~~n direct that can make 
that claim. 

These systems will be available in three sizes: A 100 lb. per day tabletop laboratory 
model, a 500 tb day mode& and a ‘2000 lb. per day mid si 
Tamer Agglome n System is designed to allow for great IX? 
flexibility. We can design any%vel of production capability you r~uir~ in 2OOO lb. 



increments. This gives the manufa~ur~r a flexible system that can be ~mmi~ed to 
large batch production or seve I smaller p~~~~~ 

SUMMARY OF Tl-lE INVENTION 

In one aspect, the present invention vides apparatus for drying p material, 
preferably granules, which includes a nclosed path trough w~j~h ulate 
material is conveyed in a guidized stream. The cross-sectional area of the path, which 
preferably has a spiral form, increases in the direction in wait the ~~jd~~ed stream 
flows. 

Preferably, the drying apparatus includes a drying chamber having an inlet for the 
fluidized stream of particulate materiai, and an outlet for the pa~i~ulate material having 
passed through the drying chamber. A spiral path 
defined by one or more: baffles fixed wizen an ann 
continuous spiral baffle ‘may be provided to form a 
towards the outlet, the pitch e spiral increasing with dimnce from the inlet to give 
the desired increase in cross-s onalarea of the path. 

It has been demonstrated that a dryer of this construction can be pa~~ularly efficient, 
while requiring significantly less h rgy than a comparable p 
spray or fluidized bed types. A dryer s ~ons~u~on can aiso re 
continuous process for manufa~uring granules. 

In another aspect, the invention provldes an aggl~m~~tor apparatus including a rotary 
blade assembly with a plurality of blades that are configured sue 
of the aggfomerator, material acted on by the blades is urged” to 
sinusoidal path relative to a plane in ich the blades are 
motion increases the volume of material impacted by the blades and hence can be 
beneficial to the efficiency of the agglomerating process. 

To meter the size of particles 
or other barrier is arranged c 
screen or other barrier being 
escaping from the rotary blade assembly before it has be 
desired size or smaller. Once the particles are sufficiently 
through the screen or barrier a result of centrifugal forces bang 
particles can be collected on 
to a dryer if required. Such an a t has been shown to give a relatively narrow 
distribution of granule size, with ally no fines (3% or less). 

In a preferred form, the, blades-of the rotary blade assembly are arranged in a 
circumferential array around a central hub about which they rotate in a rotary plane. 
The cutting edge of each blade is defined on an outer end portion 
the direction of rotation. The radially outer end portions af adjace 
circumferential direction’ are angled or twisted out of the rota 
directions about respective radial axes, ln alternating fashion 
of adjacent blades are respectively above and below the rotary plane. 



In a further aspect, the; present invention provides apparatus for agglomerating and 
drying particulate matefiai which corn rises an agglomera~r for faking and 
discharging wet granules of a ~~dete~in~ size or s 
for wet granules from the era&r, an outlet %r 
the dryer, and one or mo within the dryer dazing a spiral 
the granules pass from the dryer inlet towards the dryer cMlet. The 
and/or the dryer may irrclude one or more of the features discussed above. 

In yet another aspect, the present invention provides a method of drying particulate 
material in which the material is conveyed in a fiuidized 
path, preferably a spiraf, path, which ‘increases in cross-sectional area in the direction in 
which the fluidized stream flows. 

The invention also provides, in a still further as a method of ~gg~Qrnera~ng a 
particulate material which includes urging the material to follow a sinusoidal path within 
a rotary blade assembly during agglomeration. 

Also provided by the invention is a method of preparing granwies, in which a mixture is 
formed of particulate material and a Ilquid. The mixture is fed into an agglomerator and 
agglomerated to form granules of a predetermined size or smaller, and the granules are 
dried by passing them through ,an expanding, preferably spira4, path. 

BRIEF DESCRIPTION OF THE WOWINGS 

The foregoing aspects and many of the attendant advantages of this invention will 
become better understood by reference to the foliowi~ d de~iption, when 
taken in conjunction with the a~orn~~ying drawings, w~~r@i~: 

FIG. 1 schematically illuStrates system for producing granules in accordance with an 
embodiment of the present invention; 

FIG. 2 is a schematic cross-sectional si view of the dryer of FIG. I sectioned along the 
longitudinal axis thereof, 

FIG. 3 is a schematic crciss-se@onaf plan view of the dryer of FIG. 2, sectioned on 3--3; 

FIG. 4 is a schematic crqss-sectional plan view of the agglom~rator of FIG. 1 sectioned 
along a radial plane; 

FIG. 5 is a schematic cross-sectional side view of the agglomer~tor of FIG. 4, sectioned 
on 5--S; and 

FIG. 6 illustrates an unwlded mesh screen used in the agglome~tor of FIG. 4. 

DETAILED DESCRIPTION OF E PREFERRED EM~~DI~~~ 



FIG. 1 illustrates a system for ~ggl~erating and dryi terial. The system 
includes a mixer 2 in which the desired fo~ulation of ders are mixed with water, or 
another suitable binder, to form, a dough. Dough from mixer 2 is passed to an 
agglomerator 4. The agglomer~tor 4 h feeder head 6, which opPer 8 
into which the dough is loaded and an er IQ which feeds the the base of 
the hopper 8 into the agglome~~to In the aggiomera~ 4, the dough is broken 
down into granules of a predeterm red size or smaller, and the granules are 
then fed to a dryer 12. The granul ed in the dryer 12 an collect at the base of 
the dryer 12 where they can be discharged through a discharge valve 14. Moisture that 
has been driven out of the granules during the drying process is exha 
air exhaust 16 at the top of the dryer, ith the aid of a vacuum pum 
negative pressure on the air exhaust 1 

For reasons explained below, it is .deslrable to inject air into 
agglomerator 4 under a’ positive pressure. Thus, a pump 20 is 
ambient air to the agglomerator inlet from an air inlet plenum 
ambient air through a filter 24. The filter 24 and plenum 22 ,also supply heated air to 
both the agglomerator 4 and the dryer 12 to aid the drying of the granules. Air from the 
filter 24 and plenum 22 thus passes tb~ugh a heater 26. From the heater 26, one 
stream 28 of hot air is fed to agg~orn~at~ 4 and another stream 30 of hot air is 
introduced to the granules as are fed from the agglome~tor 4 to the dryer 12. 

The amount of heat imparted to these. hot air streams 28,3& i rtlcular the hot air 
stream 30 introduced to the path between the agg~~erator 4 
significant influence on the dryness of the granules discharge from t 
Consequently, in the preferred embodiment, a power control 32 
used along with an automated adaptive controller 34, to control 
26, and hence the hea air streams 28, 30. 
controlled in response content of the gran 
the dryer 12. The moisture con t of the granules can be measured, for example, using 
a microwave moisture detector or other, preferably non-in~usive, detectors, The use 
of such a control mechanism enables the system to be used to consi ntly produce 
granules of a selected, desired moisture content to ensure the granules do not break 
apart or clump. 

With reference to FIGS. ‘2 ano 3, the dryer 12 is now describ 
main structure of the dryer 12 is formed from a cylindrical tower 40 having a top portion 
having a constant, circular cross section (seen in FIG. 3), and a ~u~o~onical bottom 
portion 46 that tapers downwardly towards a granule outlet 48 at the 
tower. “Wet” granules (typically having a moisture content of about 1 
way of example) enter the tower through an inlet 50 in a 
42, carried by the hot air stream 30 in a fluidized stream; 
granules follows a spirat path 52 downwardly through the top po 
and then fall into the conical, bottom portion 46, where the “‘dry” gra~uies are collected. 
The term “dry” here is used to refer to granules that have passed th 
tower, rather than particles that necessarily have a 0% moi~re 
ensure that the granules remain bound, their moisture intent a 
be in the range 5%-llOD/o or as otherwise s~~xBxJ. 



A central, tubular core 54, of a circular cross section, ex%ends ~~a~iali~ with the tower 
through the top portion 44 thereof” The core 54 has.an suede dia 
smaller than an iriternal~diamet*r of the tower 40, forming an -arm 
the wall of the tower 40 and the core 54. A bottom end of the core 
projection 58 which protrudes downwardly into the lower partion 46 of the tower. The 
conical projection 58 has one or more openings 66 therein to allow air to pass from the 
bottom portion 46 of the tower upwa y into the core 54, but oth~~~se the core 54 is 
closed off from the interior of the tower 40. 

The core 54 extends all ,of the way to tktop of the 
air exhaust 16, which exhausts air from the core 54. 
exhaust duct 62 for taldng air from the I 
through the center of the tower 40, and 
the dry granules at the base of the to 
pump 18 is suitably coupled in-line to 
pressure on the exhaust duct 62. 

er 40 to connect with the 
r&rat. core defines an 

tower, carrying the air up 
of the tower 40, leaving 
rng of the air, a vacuum 
) to draw a negative 

The drawing of a negative pressure o e exhaust duct 62 via the exhaust duct 
62, on the interior of the dryer tower has the add~ti~a~ 
pressure in the tower 40. This is beneficial to the drying process use it accelerates 
the evaporation of water from the granules as they flow through the tower 40. 

The spiral path 52 followed by the oxidized stream of gra~uies from the .inlet 50 towards 
the base of the tower 40 runs trough the annular cavity 56 defined n the core 
54 and the outer wall of the tower 40. A continuous baffle 64 spirals downwardly 
through the annular cavi 56, and is of the same width as the annul r cavity 56, so that 
it extends radially fro surface of the core 54 to the inner surface all of the 
tower 40, whereby an piral ,path 52 is defined by the baffie.64, the central 
core 54, and the top portion of the tower 40. The spiral 
inlet 50 to the tower 40; and minates at the lower end of 
tower, to define an exit from iral path, from 
the bottom portion 46 of the 40. The spiral 
54 cooperatively define ,an elongate duct formed along a spiral path. 

The spiral baffle 64 has; a pitch, that increases in the do~wa dir~on~ so that the 
cross-sectional area of the spiral path 52 grout which the fl~di~~ stream of granules 
flows increases, preferably line?rly, in the direction of flow. In the exemplary 
embodiment described here, the spiral baffle 64 is formed from a series of joined, split 
annular baffles. 

In use, a fluidized stream of wet granules, in this qase wet granules carried in a hot air 
stream, enters the inlet 50 at the top.end 42 of the dryer S 

downwardly along the expanding spiral path 52. As the g spiral 
path 52 they give up moisture to the hot air and are thus dried. As the moisture 
evaporates from the granules.it is entrained as vapor in the hot air stream, and thus 
results in a volumetric increase of the air stream. Preferably, the ra 
the spiral path 52 in the downward di on is seiected to accom 



increase, in order to substan~a~~y avoid any compression of the. air m resulting from 
moisture evaporation. It is desirable to avoid this ~rnp~~i~n, because the resulting 
increased pressure would siow the evaporation of moisture from the granules, and thus 
be detrimental to the efficiency of the drying process. 

When the granules reach the exit from the spiral path 52 at the ~an~~o~ between the 
top portion 44 and bottom portion 46 of the tower 
component in a tangential direction of the tower 4 

they have a si~~i~cant velocity 
nsequentiy, the granuies tend to 

spiral down the conical .inner surface 66 of the tower 40 in the bosom portion 46, in a 
cycionic-type manner, to the bottom of the tower 40, which’ serves as a coiiection 
chamber 68 for the drygranules. M@~~whiie~ the by now waft m air is drawn 
upwardly, under the influence of the vacuum pump $8 arched air exhaust 16, 
through the openings 60 in the conicai projection at the bourn of central core 54, 
up through the core 54,and out of the exhaust 16. In this way, the rm, moist air is 
separated from the dry ;granuies. 

The cycionic-type motion of the granules in the bottom ~~0~ 4 of the dryer tower 40 
discourages them from traveling up t~$~ugh the central core 54. over, in order to 
substantially prevent granuies which break away from the 
out through the air exhaust 16i a filter 70 is placed in the 
portion 46 of the tower40 and the air exhaust 16. In the 
cylindrical filter element 72 is used which extends werbcaiiy an 
54. The bottom end of the filter-70 is dosed and the top end 
around the exhaust 16.,Thus, oniy fiow path from the lower end of the core 54 to 
the exhaust 16 is through the ndricai filter element 72. As best seen in FIG. 3, the 
preferred filter element: has a pieated conc~~na-~~ form, d from a porous 
fabric or paper, but any of a number of different fiiters may its place. 

Although the cycionic-type fiow of the granules in the lower\ of the dryer 
tower 40 means that very few re typically drawn up into the central core 54, it 
is possible that, over tirhe, the ent 72 will start tie become ged and thus 
reduce the efficiency of the dryer. It is desirable to be abie iode clogging of the 
filter element 72, and for this reason a di~er~~tiai pressure gauge 74 is suitably 
connected across the exhaust 18 and the centrai core 43 radi~iiy ~u~ardiy of the filter 
element 72, to detect the pressure drep across the filter element 72. As the filter 
element 72 becomes clogged, the p ure drop across the elern~~t 72 wiii increase. 
This increase in pressure drop can be monitored, and the fit 
the pressure drop exceeds a pr~ete~in~ level which has 
corresponding to an undesi level of ciogging of the.fiiter ei 
particularly preferred that t placement of the filter 70 be fa 
the tower to have a removable top cover 76, normally seal 
of the top portion 44. To replace the fiiter, the top cover 7 
40, exposing the filter 70, which can then simply be iiRed out and cleaned, or replaced 
with a fresh filter 70. 

The dry granules are discharg from the coiiection chamber he base of the dryer 
tower 40 through a discharge ive 14. Any of a number of s valves may be used, 
but preferably the valve 14 rna~n~i~ a seal between the interior of the dryer tower 40 



and discharge outlet 78, in order that the desired negative pressure can be maintained 
in the dryer tower 40. For example, one suitable form of valve is a 4, in 
which a rotor rotates within a barrel, the rotor defining a series of 
separated by radial rotor arms which s gainst the inside of the barrel. The pockets 
transfer granules From the base of the r tower 40 to the d~~ha~g~ outlet 78 while at 
all times maintaining a seal between of the rotor arms and the rrel of the valve 
14 to avoid any direct passages thro 

Referring now to FIGS. 4 and 5, the agglomerator 4 of FIG. 1 is defraud in greater 
detail. The principal corn~~~n~. of the aggiomerator 4 are a roan bride assembly 100, 
mounted rotatably about a vertically extending central, open hub region 202, a circular, 
mesh screen 104, ci~u~fer~n~ally s~ffou~ing the blade a~~rnbly 1 0, and a volute 
manifold 106 surrounding the mesh screen, for collecting and during granules towards 
an outlet 108 from the agglomerator 4. 

The rotary blade assembly 100 includes top and bottom, circular sup rt plates 110, 112 
which are rigidly joined to one another, and spaced apart from one another by four 
support columns 114 e&ally spaced, in the circumferen~a~ direction, about the central, 
open hub region 102. Each column II.4 has an elongate crosssection (seen in FIG. 4) 
extending radially outwardly from the hub region 102 towards the mesh screen 104. A 
vertical array of horizontal slots 118 is formed in a t-a rtian I.16 of each 
column 114. Each slot 118 receives a 122. As seen most 
clearly in FIG. 4, blades: 122 are recei rn the columns 114, the base 
120 of each blade 122 being haid in a respective slot 118 and a outer tip portion 
124 of each bfade 122 protruding radja’ady ou~ard~y ~yond the ive column 114. 
When received in the slots 118 in the columns 114, as seen in F nd 5, the blades 
122 are arranged in a vertically stacked series of c~rcumf~~tiai in the example 
shown there being fourblades 3.22 in ch of seven circumferen~al arriys. liowever, 
there may be more or less btades 122 in each c~~umferen~al array, and more or less 
circumferential arrays in the ,blade assembly 100. 

The columns 114 each have a vertical bore 126 emending from top to bottom, and the 
root 120 of each blade 122 has a corresponding aperture. To secure the. blades 122 in 
position, they are first slotted into the column 114 and then a pin 12 is dropped into 
the bore 126 of the column 114, pa rture of each blade 122 to hold 
it in place. This relatively simple blade retention mechanism altows for a quick and easy 
replacement of worn blades. Alternative blade retention m~chanjsms such as welding or 
set screws, may be used if desired. 

Each blade 122 has a ptate-like form, having the radially inwa base 320 that is 
received horizontally in a respective slot 118 in a art column 114, and 
the radially outer tip portian 124 bearing a cuttin in use faces the 
direction of rotation. Between the base 120 and on 124 of the blade 122, 
there is a narrowed neck 132. The neck 132 is provided to facilitate adding of the tip 
portion 124 relative to the root 120, as will be expJained below. 

The radially outer tip portion 124 of each blade 122 is aimed a radial axis, so 
that the tip portion 124:is angl relative to the horizo~~f plane 134 6n which the blade 



122 and the others in the resp ive ~~~urnferen~al array rotate about the hub region 
102. The direction in which the blade tip portion 124 is ~~~~d relative to the horizontal 
plane alternates from one blade 122 to the next around each circumferential array. 
Thus, the two blades 122a opposite one another to the left: and right-hand sides of FIG. 
4 are twisted so that their bang edges 130 are 4eiow the ~~~on~~ plane of rotation 
134, whereas the two blades 122b opposite one another towards~~e top and bottom of 
FIG. 4 are rotated suchethat their cutting edges 130 are above the horizontal plane of 
rotation 134. When the ,agg~~merator ,is operated, material that i 
rotary blade assembly 100 through a central aperture in the top su 
the open hub 102 is forced ou~ard~ by centrifugal force and th 
blades 122. Because of the alternating angled tip portions 124 of the blades 122, the 
material is pushed first ~pwa~~~ and then downwardly, i~a~n~ to it a generally 
sinusoidal-type motion. This increased agitation of the, material being -agglomerated 
brings a greater volume of the’mate~al~into contact w&h each Made X22, and thus 
increases the efficiencyof the giom~rat~ng process. 

The rotary blade assembly is driven by a primary motor 635 -(FIG. 51,. which in the 
present example is connecte rectly to the bottom’ su plate X12 of the blade 
assembly 100, Alternatively, primary motor 135, or r drive means, may drive the 
blade assembly through a drive mechanism employing belts, gea 
elements. The primary motor 135 typically drives the blade 
about 1800-10,000 rpm. 

The mesh screen 104 is suitably formed from a flat, elongate, recta creen, seen 
in FIG. 6, which is wrapped around the periphery of the rotary blad bly 100, and 
its ends 136 are secured together to form the desired, continuous circular screen 104. 
As seen in. FIG. 5, the lower edge of the screen is received in a channel 138 formed in a 
base wall of the manifold 106, radially outwardly of the lower t-t plate 112 of the 
blade assembly 100. For reasons explained below, the screen 
around its central axis within this channel 138. The u e mesh screen 104 
is attached to an inverted dish 
hub assembly 142 rotatable re 
100. The mesh screen is form 
(only a small number of whit 
corresponding to the largest desired size of granule. A set of 
provided for the agglomerator 4, having a vadety of different 
appropriate mesh screen 104 e size of, granule desired. 
Advantageously, the sire of g can be ~ontr~~l~ simply by 
selecting this one component. 

In addition to the primary motor 13 
slowly rotate the mesh screen X64 a 
about 1 rpm. Here, a belt drive 148 1s 
the motor 146 to the hub assembly 1 
much lower speed), with the rotary b 
result in a greater shear force applied to the screen PO4 by the maternal 
agglomerated. 



The mesh screen 104 is rotated in order to p~ri~i~ily traverse the en ire circumference 
of the screen 104 in front of a screen cleaning device X50 (see FIG. 4), which in the 
present example is a vertically amending compressed air gallery dis 
radially outwardly of the mesh having a vertical se 
direct compressed air against t blow out irnpa~~ 
mesh openings 144. 

In use, a dough mixture of the desired powder formulation 
present example by the auger JO, into the central, open hu 
assembly 100. From there t 
rapidly rotating blades 122 a 
sinusoidal path as the blades 
smaller granules. As the material is fed into the hub 102 
there is a tendency for a negative pressure to develop at 
supply of air is preferably pumped into the hub 102 to negate this na~ral~y occurring 
negative pressure and preferably is regulated to provide a net positive pressure in the 
hub 102 to further enhance radially outward flow of material. Th 
provided by the pump 20.in 

Once the material has bean for a period of time, granules of a size small 
enough to pass through the in the mesh screen 104 
pass outwardly through the into the manifold 106. To car 
along the manifold 106 from where pass through the mesh sc 
agglomerator outlet 8, a flow of air is introduced at the‘inlet end 152 of the manifold 
106, under positive pressure if desired, and a vacuum is draws on th outlet end 154 of 
the manifold 106. This vacuum may be that arising as a result of the outlet 108 from the 
agglomerator 106 connecting to the inlet 50 of the dryer 12 which has a vacuum drawn 
on its air exhaust 16. Alternatively, an additional vacuum pump may be used. 

In the preferred embodiment, the air flowing through the manifold is heated prior to 
introduction to the manifold 1 , by the heater 26 in FIG. 1. As t nules pass 
through the mesh screen 104 into this hot air flow, the outer surface of each granule is 
rapidly dried, forming a surface crust, and helping to prevent the gra~ul~ from re- 
combining with one another. 

The mixer and other components of the system illustra 
head, the air filter and h pumps, valve and ~ntrolle~, can 
of suitable components; of which are known i 
components of the system can be made of any of a n 
examples of which will be readily known to those skill 
materials used can be selected to be appropriate for 
for the manufacturer of, pharma~~ti~als and food 
stainless steels or sterilitable plastics such as UXMW Po~ethy~ene. 

An overall procedure for operation of the system of FIG. 1 is now summa~~ed. First, the 
desired formulation of powder, or other particulate material, and a binder such as water, 
are loaded into the mixer 2, where they are mixed to the considers of a dough, 
typically with a moisture content of a 23%-25% by weight. 



mixer may be selected to provide a conti~ous flow of rn~~ure~to the 
a number of batch-type mixers may be used that ~~~e~ them provi 
continuous flow to the aggfomera~r 4 in order that the remainder of the process may 
be operated in a continuous manner. Furthermore, because the rn~~~ is initially mixed 
to a dough, a very even : distribution of the ~iculat~ material is possible. This in turn 
means that the system can be readily used for multiple com~nent formulations, for 
example, including up to 12 component or more. 

From the mixer, the dough is I ded into the feeder head 6 
the auger 10 feeds the mate~al.into the rotary blade assemb 
4. The dough is then broken down into small granules which 
through the mesh screen 104 into the manifold 106. The wet granu are then carried 
in a hot air stream in the maniferld 106 to the agglomerate 
dryer inlet 50. The aggl praqss, and in oscular the a hot air stream 
in the manifold, begins granules, Additionally, on the 
50, a further stream of ing a tem~ra~~ of abo 
optionally as high as 25O.degree. F., is combined with 
drying process. At the dryer inlet, the moisture content of t 
about 18% by weight. The air stream and the granules p 
spiraling path in the dryer 12 @‘the b&tom portion 46 
dry granules are collected and discharged suitably at a moi~re content of about 7%- 
8% by weight. The warm, moist air is drawn back up ~r~gh the central core 54 of the 
dryer tower 40 and exhausted through the air exhaust 16 granules can be collected 
as they are discharged fram the dryer tower 40 and subje to further processes if 
desired, for example, sifting, quality checking and/or p 

Advantageously, the system ancl/or its various component can be operated in a 
continuous production manner, or al~~a~vely, a batch ~r~u~~ manner; the quantity 
of material passing through the system has been found to have no effect on the quality 
of the end product, Fu~hermo~e, since the heatsupply to the ~~~ need not be as 
high as prior art systems, the system is particularly e~ci~t or may also be used to 
make granules including he~~~nsi~ve and biological ingr~~n~,~at may be damaged 
by the very high temperatures that exi in the prior art 

While the preferred embodiment of the invention has been illustrated and described, it 
will be appreciated that, various than n wi arting from 
the spirit and scope of the rred ent has been 
described as comprising b erator 4 and the dryer 12 of the present 
invention, but these components are also independently usefui. In 
12 may be used to dry granules, or other peculate material, forme 
number of processes, such as those known in the prior art. On t 
formed in the agglomerator 4 of the present invention can be 
than the dryer tower 12 de I such as dryer apparatus known in the prior art. Also, 
as an alternative to, or in a to employing heated gas streams to facilitate the 
drying of the granules, dry streams of gas, e.g., air or nitrogen may used for the 
same purpose. 


